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BINOCULAR RIVALRY BETWEEN STATIC 
GRATING AND MOVING GRATING 
By 
KENZO S A K U R A I (~* 1iJf=:Y 
(Tohoku Univer8ity) 
By means of presenting vertical static grating to left eye and horizontal drifting 
grating to right eye which had 6 velocities controlled by micro-computer, the suppression 
effect of moving grating in binocular rivalry between them was investigated. A 
new procedure named "random sampling method" was introduced to record approximate 
value of predominance as an index of rivalry perception, that was easier to judge for 
subjects than conventional key-press procedure. The results of this experiment sup-
ported the suppression effect of moving grating on contralateral static grating and the 
existence of velocity range in which moving grating showed the strongest suppression. 
Moreover, comparing the optimal temporal frequencies of suppressive gratings by real 
motion with those by apparent motion, transient system's participation in binocular 
rivalry was suggested. 
INTRODUCTION 
When one stimulus is put in motion during binocular rivalry, the other stimulus 
tends to be suppressed, or the moving stimulus rarely vanishes. In spite of early note of 
this phenomenon by Breese (1899), there have been only few investigators who had 
interested in it until today. A similar phenomenon was shortly reported by Springbett 
(1961) and Reventlow (1961), in the latter study it was pointed out that the movement 
could influence binocular vision without the contour of moving object being viewed. 
Though that research was treated as a study of binocular fusion, it referred to the same 
effect of movement on binocular rivalry as Breese had pointed out. From these studies, 
it is obvious that the movement of one stimulus during binocular rivalry makes it 
recover from suppression or induces perceptual alternation, that is change of dominance. 
Nevertheless the movement itself has not been treated as a quantified variable excepting 
some studies as follows. 
Grindley & Townsend (1965, 1966) investigated this phenomenon as "movement 
masking" from a point of view different from binocular rivalry. Their former report 
was based on phenomenal observation, moreover contained an experiment in which 
they had treated the movement of stimulus as a variable. Fox & Oheck (1968) put a 
suppressed target in motion of several types during binocular rivalry and assessed the 
detectability of the movement using reaction time. They concluded that suppression 
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was an inhibitory state that acted non-selectively on all stimulus attributes falling 
within the suppressed retinal region. According to Walker (1978), however, their 
experiment was lacking in the adequate control condition. For this reason their 
conclusion is not always acceptable. 
Concerning the problem of nonselectivity of binocular rivalry suppression, an 
experiment by Walker (1975) was the most interesting one and made it clear. He 
presented a random pattern to one eye during binocular color rivalry, and moved it when 
it was both in suppressed and in dominant phase. As the result of this experiment, 
it was found that the motion shortened the averaged suppressed duration of that eye. 
This means that even in the suppressed visual field the stimuli are analyzed, in other 
words, the temporal course of rivalry is sensitive to the increase of stimulus strength 
in the suppressed field. 
Therefore it is thought that motion of stimulus during rivalry has stronger effect 
of enhancing suppression than other stimulus strength variables as contrasts. So the 
motion of stimulus will be quantified as a variable of "velocity of moving grating", and 
the relation between its velocity and predominances2 of static and moving gratings will 
be investigated in the present paper. The matters for investigation are as follows: 
the suppression effect of moving grating on contralateral static grating; and to make 
it clear in relation to velocity of moving grating. 
METHOD 
Stimuli: Vertical and horizontal square-wave grating patterns were used. 
Spatial frequency of both graings was 3 cyclejdeg, and the size of them was 1 degree 
square. To facilitate fusion, 3 degree squares were drawn around the gratings by black 
lines in 0.2 degree width. Static vertical grating was presented to left eye and 
horizontal grating to right eye, which moved downwards at each fixed velocity in 6 condi-
tions, i.e. 0, 0.87, 1.73, 2.60, 3.43, and 4.30 degjsec. Fig. 1 shows these stimulus faces. 
Apparatus: The basic apparatus was a large haploscope which has two arms and 
its viewing port was fitted to each S with a head and chin rest. Two cathode ray tube 
oscillocopes (CRO with P31) were mounted on haploscope arms in viewing distance of 
57 cm. The face of each CRO was masked by a white translucent plastic sheet in 
which a I-degree square aperture was cut to expose the CRO. A 100-kHz triangular 
wave inserted into the vertical axis of the oscilloscope generated a raster; Z-axis modura-
tion of the raster of the square wave produced the grating. To introduce controlled 
linear motion of the grating, a control pulse and a variable pulse were generated from a 
single-board micro-computer (NEC, TK-85), the former was inserted to external trigger 
of CRO for right eye, and the latter to gate trigger of function generator connected to 
Z-axis of CRO. Frequency of control pulse was fixed and that of variable pulse was 
2. Aooording to Blake & Camisa (1979), predominance is the peroentage of oumulative time 
during whioh one stimulus is visible or dominant, to total observation time. 
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Fig. 1. Stimulus faces used to induce binocular rivalry in this experiment. Each grating was 
presented through the aperture surrounded by 3 degree square. 
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Fig. 2. Block diagram of this apparatus. Two X-sweep generators are internal ones of ORO. 
slightly different from control's. Its difference determined the velocity of drifting 
grating. A block diagram of this apparatus is given in Fig. 2. 
Mean luminance of both stimuli was 1.0 cd/m2, and their contrast was 0.7. When 
the stimuli were not presented, each display face was in raster of which mean luminance 
was 1.7 cd/m2. Three keys were connected to micro-computer as response keys, 
and one of them was also served as a start key. By pressing one of the response keys 
after presentation of stimuli, a short sound specified to each key could be heard from the 
sound monitor for Ss in order to check their error of key-press. 
Procedure: Though key-press procedure is a common method of binocular rivalry 
studies to record its sequential perceptual alternation, it has two defects; one is 
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that skill is required for response, the other is that the act of key-pressing alters the 
percept, which often fluctuates too rapidly to record. Hochberg & McAlister (1953) 
indicated this problem and introduced "random-interval sampling procedure" in their 
experiment. Therefore in the present experiment, Hochberg's procedure was further 
improved to record perceptual alternation in easy style. We call this procedure "random 
sampling method" after the social research procedure which has the same statistical 
concept. In this procedure, stimulus durations are randomly determined within the 
limits of duration which were previously established. The probability that a pattern 
was finally perceived should be determined by the proportion of stimulus strength in 
each pattern (See Fig. 3). So Ss are required to report what was finally perceived. 
Though this procedure looks like "constant method", they are markedly different 
from each other in the duration itself does not serve as a variable in this procedure. 
Number of responses in each condition will result from this procedure, and it represents 
the number of trials in which vertical grating, horizontal grating, or both gratings are 
finally perceived as a fragmented or checked pattern. At the same time it should 
represent an approximate value of predominance of each eye. The results of a pilot 
study confirmed this anticipation in which "random sampling method" had been 
compared with the conventional key-press procedure. 
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Fig. 3. Random sampling method as a new procedure of recording binocular rivalry perception. 
Temporal course of rivalry in each trial was traced. When the trace is elevated, only the 
vertical grating (V) was perceived; when the trace is depressed, only the horizontal grating 
(H) was perceived; and when the trace is in middle level, the perception of binocular rivalry 
was a fused pattern or a fragmented pattern. Each arrow indicates the sample timing, 
that is the end of stimulus duration. 
20 K. Sakurai 
Each S started trials in dichoptic condition after 15 minutes dark adaptation. Ss 
pressed the start key by themselves, and observed grating patterns presented Im-
mediately after it. Mter several seconds presentation of gratings, Ss reported what had 
been finally perceived by means of pressing one of three response keys. Besides, Ss 
were instructed to make it a rule to blink after each trial, and to report to experimenter 
in the case of key-press error or fail in fusion of squares around the stimuli. 
Durations of stimuli and their order of presentation were decided in the range of 
100 msec-l0 sec and randomized by a micro-computer. This experiment consisted 
of lOO trials in each condition, so the total number of trials was 600. Mter lOO trials 
as 1 session, 5 minutes short interval was inserted, and 20 minutes long interval was 
also inserted after the first half (3 sessions) instead of a short interval. 
Subject: 13 male undergraduates and graduates took part in this experiment who 
had uncorrected and corrected normal vision. The experiment was preceded by 200 
exercise trials for each S on the previous day. 
RESULTS 
The three curves of Fig. 4 indicate a raw data of one S who showed a typical 
tendency about the three kind of responses. Filled circles represent the number of 
responses for vertical grating finally perceived, and unfilled circles represent it for 
horizontal grating. In the case of perception to both gratings or failing to decide which 
of them, the number of its responses is plotted with squares. Fig. 5 shows the 
averaged results of 12 Ss. For one data extremely deviated from others was excepted. 
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Fig. 4. A raw data of SM who showed a typical tendency. Filled circles (e) represent the 
number of responses for vertical grating finally perceived; horizontal grating (0); both 
gratings or failing to decide which of them (0). 
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Fig. 5. Means and standard deviations of 12 subject's number of responses for each grating; 
vertical grating (e); horizontal grating (o). 
Filled circles also represent mean number of responses for vertical grating and 
unfilled ones do for horizontal gratings. And they are equal to predominances of 
each grating. As compared with the condition of stationary grating (0 deg/sec), 
predominances of vertical grating in two conditions have decreased. However, in other 
conditions of 3.43 and 4.30 deg/sec, the perception of vertical grating had recovered 
in proportion to the increase of velocity of contralateral moving grating. Conversely, 
predominance of horizontal grating decreased as its velocity increased, moreover there 
was not difference between the condition of 0 deg/sec and 0.87 deg/sec. According to 
ANOV A, main effect of velocity was not significant, but interaction effect between 
velocity and the kind of grating finally perceived was significant (F=19.63, dJ 5, p< 
0.01). If it is limited to responses for each grating, there were significant differences of 
1 % level among conditions in both cases. It is clear from glancing at Fig. 5 that 
responses for vertical grating and for horizontal one show a contrary inclination to each 
other. For this reason, that significant interaction arose. Subsequent t-test showed 
that the difference of responses for vertical grating between 0 deg/sec and 0.87 deg/sec 
was significant in 5% level. 
DISCUSSION AND CONCLUSION 
Unexpectedly the predominance of vertical grating in the condition of 0 deg/sec 
resulted in only 20%. In the pilot study, predominances of vertical and horizontal 
gratings had been approximately equivalent to each other during binocular rivalry with 
orthogonal static gratings. This suggests that some interactions acted on the 
experimental conditions. It is thought that the motion of horizontal grating had 
some influence upon the predominance of vertical grating even in the condition of 0 deg/ 
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sec, that is to say, that interaction had generated from the unexpected motion after-
effect for the stationary horizontal grating (0 degjsec). Probably, the intertrial 
intervals were too short for motion aftereffect to vanish before the next trial of 0 degjsec 
condition. A supplemental experiment using conventional key-pressing procedure 
was performed and its results confirmed this notion. However, a necessity of further 
investigation about "random sampling method" was suggested. 
Concerning the suppression effect of moving grating, it was supported only in the 
predominances of vertical gratings and not in those of horizontal gratings. An 
assertion of Levelt (1966) will adequately explain these results. He described that the 
mean duration of the dominance of the stimulus in one eye is dependent only upon 
the strength of the stimulus in the contralateral eye. According to this, it is vertical 
grating presented to left eye that is assumed to change its predominance in proportion 
to the increase of moving grating velocity to right eye. The present results coincided 
with this anticipation, for the existence of suppression effect of moving grating was 
supported. 
Considering the increase of vertical grating's predominance as the velocity 
increases, there may be a range of velocity in which the most strong suppression effect 
of moving grating will be seen. However, we cannot see the stimuli as grating patterns 
indeed but something flows down on the surface of CRO which condition was 3.43 or 
4.30 degjsec. So it is thought that the moving grating in those conditions must be 
above its terminal threshold. It should be discussed whether stimulus perception as a 
moving grating pattern was necessary for its suppression effect or not. And this problem 
has been reduced to the necessity of real movement for that effect. Blake & Fox (1974a, 
b) and Lehmkuhle & Fox (1975) introduced apparent motion as a rivalry stimulus in 
order to enhance its suppression effect, that was to increase its dominance, which was 
generated by 1800 phase-shift of square wave grating pattern at the rate of 2 Hz or 4 Hz. 
Now to return the results of this experiment, the most effective velocity of suppression 
was ranging from 0.87 to 1.73 degjsec, and their converted values with temporal fre-
quency were 2.6 and 5.2 cyclejsec for the purpose of comparing with the apparent move-
ment as stated above. On the other hand, the rate of phase-shift generating apparent 
motion 2-4 Hz was converted into temporal frequency 2-4 cjsec. Although it cannot 
be said so definitely that the suppression effect of apparent motion was the strongest 
one at the above-mentioned temporal frequency, the coincidence with each temporal 
frequency of real and apparent motion was interesting. 
The fact that the suppression occurs with both kinds of movement suggests the 
participation of common mechanism to this effect. Probably it may be the transient 
channel which plays a role of movement-analyzer corresponding to the stimulus of high 
temporal frequency (Tolhurst, 1973; Kulikowski & Tolhurst, 1973). However, it is not 
clear how the transient systems relate to rivalry perception. Recently Hollins (1980) 
pointed out the probability of transient channel's functioning even to a static grating 
during binocular rivalry by reason that visual sensitivity to spatial frequency of 
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static patterns in rivalry was different from that of normal viewing but was consistent 
with the sensitivity to moving patterns in normal viewing. But after all, no clear 
assertion has been made. So we hope this kind of investigation will continue. 
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